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ABSTRACT. - Comparisons of metal concentrations (Fe, Zn, Cu, Cr, Pb and Cd) were made in sediment and water with 
those in tissues of glass eel ( Anguilla anguilla Linnaeus, 1758) collected in five stations from Loukkos estuary (Morocco, 
eastern Atlantic). Concentrations of selected metals were measured using an atomic absorption spectrophotometer (AAS). 
Significant correlations (p < 0.05) between Cu-Pb were observed in sediment, Fe-Pb, Cr-Pb and Cr-Fe in water and Zn-Fe 
in fish. The metal levels found in tissues in the glass eel were below the legal limits for human consumption, but can induce 
sever dysfunctioning for the eel. 


RESUME. - Metaux lourds dans les sediments, l’eau et les civelles d’Anguilla anguilla (Osteichthyes : Anguillidae) de 
l’estuaire de la riviere Loukkos (Maroc, Atlantique est). 

Les concentrations de six elements metalliques (Fe, Zn, Cu, Cr, Pb et Cd) ont ete comparees dans le sediment et l’eau 
avec celles des tissus de civelles ( Anguilla anguilla Linnaeus, 1758) preleves au niveau de 5 stations de l’estuaire du has 
Loukkos (Maroc). Les differents elements metalliques ont ete analyses par spectrometrie d’absorption atomique (SAA). 
Une correlation significative (p < 0,05) a ete trouvee entre Cu-Pb dans les sediments, Fe-Pb, Cr-Pb et Cr-Fe dans l’eau et 
Zn-Fe dans les civelles. Les teneurs de metaux trouves dans les tissus de civelles etaient en dessous des limites legales pour 
la consommation humaine, mais peuvent induire de serieux dysfonctionnements chez l’anguille. 
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Heavy metals are considered as the most important pol¬ 
lutants in the aquatic environment. They can concentrate in 
fish species from water, food and sediment (Harderson and 
Written, 1998; Fernandes et al., 2007), especially in eels, 
which depend on freshwater and estuarine areas during juve¬ 
nile growth phase. Consequently, anthropogenic impact such 
as pollution by heavy metals and other chemical components 
could influence the decline of species: to date commercial 
catches of European eel represent less than 1% compared to 
the 1970s (Maes, 2005). The impact of pollutants in eels is 
not well known (Robinet and Feunteun, 2002), may be due 
to the fact the species accumulates various heavy metals 
(Zimmermann et al., 2004) and consequently appears to be 
useful as a metal accumulation indicator (Gunkel, 1994). 
The biological cycle of European eel is complex, with four 
life stages and two metamorphoses, which have been well 


described by Tesch (2003). Reproduction takes place in the 
Sargasso Sea from where larvae drift back towards the Euro¬ 
pean and North African coasts following oceanic currents, 
such as the Gulf Stream. After the metamorphosis of the lar¬ 
vae into glass eels. Post larval stage that corresponds to the 
freshwater colonizing stage (Pierron et al., 2007). The eels 
reach the juvenile growth stage (yellow eel) in continental 
habitats (Elie, 1979). This stage can last from several years 
to more than 20 years depending on the hydrosystem. 

So, the estuarine ecosystem plays a fundamental role in 
the life cycle of the European eel, particularly on glass eel 
recruitment. Unfortunately, because of their geographical 
position, estuaries represent a receptacle of pollution from 
the upstream basin slopes. The Gironde estuary (south-west¬ 
ern France), for example, has been subjected for more than a 
century to polymetallic contamination and contains particu- 
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larly high levels of cadmium (Audry et al., 2004; Baudri- 
mont et al., 2005). 

In Morocco no study was carried out to determine the 
accumulation of metals in European eel. The Loukkos River, 
Moroccan Atlantic coast, is currently considered as the most 
polluted of the Moroccan (Merja Zerga) shore (Yahyaoui et 
al., 2006). The purpose of this study is to analyse and com¬ 
pare metal concentrations in water and sediment with those 
in tissues of glass eels collected from five stations in the 
Loukkos estuary. 

MATERIALS AND METHODS 

Study site 

The catchment basin of the Loukkos River (35°9’- 
25°14’N and 6°5’-6 0 3’W) covers an area of 3750 km 2 
(Fig. 1). The estuary is 20 km long, with a fluvial harbour 
located on the left side, 1 km from the mouth. This harbour 
is bordered southeastern by an industrial zone and south¬ 
western by Larache city. The adjacent region, Loukkos plain, 
supports extensive farming activity extending for almost 
20,000 ha (Cheggour et al., 2005). The annual average Louk¬ 
kos River output, recorded in the upper sector, is 60 m 3 /s, 
ranging from0.5 m 3 /s (August-September) to 200 m 3 /s (Jan- 
uary-February). The annual solid flow ranges between 0.2 
and 6.10 6 tons (Snoussi, 1984). During the dry period, inputs 
to the estuary come only from the bordering marshes. 


According to the classification of Pritchard (1955), the Louk¬ 
kos estuary may be described as ”an estuary with a salt cor¬ 
ner” in the wet season and as “a partially mixed estuary” in 
the dry season (Snoussi, 1984). 

Five stations in the estuary were investigated (Fig. 1), 
related to the presence of industry (congealment, cannery, 
and fish flour), active fishing sites, garbage of factories, agri¬ 
culture and domestic worn-out waters. 

Sediment 

Core samples up to 20 cm in length were collected from 
15 sampling sites in March, May and July 2006 (three sam¬ 
pling stations in each of the five stations selected) using pol¬ 
yvinyl chloride corers (Cabrera et al., 1992). The corers were 
immediately sealed and stored at 4°C until arriving at the 
laboratory. 

In the laboratory, the cores were extruded and sectioned. 
The first 5 cm section of each core was used in this study 
(Meyerson et al., 1981). Sections were air-dried (Thomas et 
al., 1994) and sieved with a 63-f.im nylon mesh, and the frac¬ 
tion < 63 pim was chosen for chemical analysis (Rauret et 
al., 1988; Thomas et al., 1994). The samples underwent acid 
digestion (HNO3-HCLO4) in an automatic microwave diges¬ 
tion system. 

Trace metals (e.g., copper, chromium, lead and cadmi¬ 
um) in digested sediment samples were determined by a 
Graphite Furnace Atomic Absorption Spectrophotometer 
(AAS) (AWG 120) and iron and zinc contents were analysed 



Figure 1. - Site of sample collection 
(Loukkos River estuary in Morocco). 
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Table I. - Mean concentrations (mg/kg dry mass) of heavy metals in sediment. Fe concentration in mg/g. 


Metal 

SI 

S2 

S3 

S4 

S5 

Zn 

135.4 ±34.5 

136.8 ±25.1 

106.1 ± 10.5 

98.2 ±6.4 

109.4 ±3.7 

Pb 

101.4 ±2.8 

88.0 ± 11.2 

104.4 ±21.7 

116.3 ±8.2 

124.1 ±0.2 

Fe 

31.6 ± 11.5 

28.8 ± 10.1 

27.3 ± 13.2 

26.7 ± 15.7 

36.7 ±5.3 

Cr 

91.1 ±3.4 

72.7 ± 8.0 

47.5 ±64.2 

106.1 ±7.8 

58.3 ±77.4 

Cu 

27.9 ±2.6 

20.1 ±6.4 

27.3 ± 1.6 

23.8 ±2.1 

27.1 ±0.7 

Cd 

1.8 ±0.6 

1.4 ±0.7 

1.9 ± 1.3 

1.9 ±0.8 

2.2 ± 1.2 


Table II. - Correlation matrix among monitored metals in sediment (Pearson (n)). The values in bold are significantly different from 0 (level 
of significance alpha = 0.05). 


Variables 

Zn 

Pb 

Fe 

Cr 

Cu 

Cd 

Zn 

1 






Pb 

-0.439 

1 





Fe 

0.190 

0.354 

1 




Cr 

0.018 

-0.097 

-0.175 

1 



Cu 

-0.152 

0.670 

0.307 

-0.299 

1 


Cd 

-0.287 

0.058 

-0.184 

0.271 

0.139 

1 


by flame (VARIAN A A 240 Z). Blanks were included in 
each batch of analysis. Calibration standards were regularly 
performed to evaluate the accuracy of the analytical method. 

Water 

Water samples were collected from the same sampling 
sites as the sediment and fishes, using 11 acid-leached poly¬ 
ethylene bottles. The samples collected in March, May and 
July 2006 were filtered through a 0.45 //m membrane filter, 
acidified with 2 ml of concentrated HNO 3 and stored at room 
temperature until analysis. The samples were analyzed by 
graphite furnace AAS, with Zeeman background corrector, 
after preliminary metal concentration according to the meth¬ 
od described by Sturgeon et al. (1980). 

Copper, lead and cadmium was analysed by Graphite 
Furnace Atomic Absorption Spectrophotometer (GFAAS) 
(Perkin Elmer 4100ZF) using Zeeman-effect background 
correction. Iron and zinc were analysed by Flame-AAS. 
Chromium was analysed directly, without preconcentration, 
by GFAAS (Perkin Elmer 4100ZF) using Zeeman-effect 
background correction and operation conditions recom¬ 
mended by the manufacturer. Sample concentrations of chro¬ 
mium were, however, below the detection limit (0.42 pi g/1) 
and are not presented here. 

Glass eels 

In this study glass eels (A. anguilla) averaging 
7.5 ± 0.2 cm in length and 0.165 ± 0.006 g in weight 
(mean ± S.E., n = 225) were used. Samples of 15 fish for 
each station were collected in March, May and July 2006 
from the Foukkos estuary. Soon after capture, specimens 
were dried at 80°C and crushed to uniform particle size 
before analysis (Miao et al., 2001). For analysis, two grams 
of flesh of A. anguilla were dissolved in a solution of nitric 


acid P.A. (HNO 3 : H 2 0 = 2:1) at 130°C for 2 h. Undissolved 
particles were filtered off and the solution diluted to 25 ml. 

Cadmium, chromium, copper, and lead were measured 
by graphite furnace (AWG 120) AAS, while iron and zinc 
were measured using flame (AAS VARIAN AA 240 Z). 

Reagents and quality assurance 

All reagents used were of analytical grade (Merck). 
Standard working solutions of the different elements ana¬ 
lysed were prepared from the corresponding 1000 mg /1 
Merck Titrisol solution. 

The digestion and analytical procedures were checked by 
analysis of standard reference materials (sediment: CRM- 
277, Community Bureau of Reference; fish: DORM-2, 
National Research Council; and seawater: CASS-3, National 
Research Council Canada). Replicate analysis of these refer¬ 
ence materials showed good accuracy, with recovery rates 
for metals between 88 % and 104% for fish, 92% and 98% 
for sediment and between 95% and 102% for water. In the 
present study, both a Person Correlation was conducted 
using SPSS for windows release 12.0. 

RESULTS 

Sediment 

The highest concentration levels of most of the metals 
(iron, zinc, lead, chromium, copper and cadmium) analysed 
(Tab. I) were found in the sediment from the station 1, due to 
fact that this station was polluted by toxic industrial wastes. 
Higher mean iron concentrations (36.70 mg/g dry mass) 
were obtained in the station 5, and lower mean cadmium 
concentrations (1.40 mg/kg dry mass) were detected in sta¬ 
tion 2. The sediment metal concentration followed the order: 


Cybium 2009, 33(3) 


221 

















Heavy metals in Anguilla anguilla 


El Morhit etal. 


Table III. - Mean concentrations (pig/l) of heavy metals in water from five sampling stations. Mean ± standard deviation. 


Metal 

SI 

S2 

S3 

S4 

S5 

Zn 

0.03 ±0.03 

0.03 ±0.02 

0.02 ±0.01 

0.02 ±0.02 

0.03 ±0.02 

Pb 

0.18 ±0.03 

0.19 ±0.04 

0.25 ±0.16 

0.15 ±0.03 

0.13 ±0.02 

Fe 

0.05 ±0.02 

0.04 ±0.02 

0.04 ±0.03 

0.02 ±0.01 

0.01 ±0.004 

Cr 

6.66 ±0.57 

7.00 ± 1.73 

7.00 ±2.00 

4.33 ± 1.52 

5.66 ±2.08 

Cd 

0.12 ±0.05 

0.08 ±0.01 

0.12 ± 0.10 

0.33 ±0.48 

0.12 ±0.08 

Cu 

2.80 ±0.20 

0.70 ±0.60 

2.50 ±0.80 

4.00 ± 1.50 

3.50 ± 1.30 


Table IV. - Correlation matrix among monitored metals in water (Pearson (n)). The values in bold are significantly different from 0 (level of 
significance alpha = 0.05). 


Variables 

Zn 

Pb 

Fe 

Cr 

Cd 

Cu 

Zn 

i 






Pb 

0.143 

1 





Fe 

-0.209 

0.564 

1 




Cr 

0.156 

0.560 

0.552 

1 



Cd 

0.207 

0.189 

0.092 

0.155 

1 


Cu 

-0.031 

-0.369 

-0.390 

-0.404 

-0.073 

1 


Table V. - Metal concentrations (mg/kg dry mass) in Anguilla anguilla from five sampling stations. Mean, standard deviation and value 
limits. 



Fe 

Zn 

Cu 

Cr 

Pb 

Cd 

SI 

86.95 ± 33.23 
(63.60-111.00) 

40.40 ±0.99 
(39.70-41.10) 

1.45 ±0.21 
(1.30-1.60) 

2.57 ±0.02 
(2.56-2.59) 

0.03 ±0.01 
(0.02-0.03) 

0.38 ±0.05 
(0.35-0.42) 

S2 

54.25 ±0.21 
(54.10-54.40) 

36.60 ± 1.84 
(35.30-37.90) 

1.95 ± 1.34 
(1.00-1.90) 

3.01 ±0.76 
(2.48-3.55) 

0.02 ±0.001 
(0.03-0.03) 

0.43 ±0.03 
(0.41-0.45) 

S3 

179.75 ±59.61 
(138.00-222.00) 

47.75 ±7.28 
(42.60-52.90) 

1.05 ±0.35 
(0.80-1.30) 

2.78 ±0.54 
(2.40-3.17) 

0.03 ±0.01 
(0.02-0.30) 

0.44 ±0.02 
(0.43-0.46) 

S4 

67.90 ±2.69 
(66.00-69.80) 

37.90 ±6.36 
(33.40-42.40) 

4.20 ±3.68 
(1.60-6.80) 

2.90 ±0.41 
(2.61-3.19) 

0.02 ±0.01 
(0.02-0.03) 

0.47 ±0.11 
(0.37-0.52) 

S5 

80.35 ±23.97 
(63.40-97.30) 

39.60 ±0.71 
(39.10-40.10) 

0.45 ±0.42 
(0.16-0.75) 

2.66 ±0.30 
(2.45-2.87) 

0.03 ±0.01 
(0.03-0.04) 

0.45 ±0.03 
(0.43-0.48) 


Table VI. - Correlation matrix (Pearson: n) among monitored metals in Anguilla anguilla. The values in bold are significantly different 
fromO to a level of significance alpha = 0.05. 


Variables 

Fe 

Zn 

Cu 

Cr 

Pb 

Cd 

Fe 

1 






Zn 

0.976 

i 





Cu 

-0.138 

0.040 

1 




Cr 

0.502 

0.430 

0.187 

1 



Pb 

0.081 

-0.013 

-0.874 

-0.585 

1 


Cd 

-0.517 

-0.345 

0.411 

-0.818 

0.040 

1 


(SI) > (S4) > (S5) > (S2) > (S3). The general ranking of 
metal accumulation in sediment was: Fe > Zn > Pb > Cr > 
Cu > Cd. Significant positive correlation was obtained 
between Cu-Pb (p <0.05; Tab. II) 

Water 

Metals concentrations in water are given in table III. 
Higher concentrations of lead in water were detected in sta¬ 
tion 3 (0.25 pi g/1). Bearing in mind the absence of industrial 
dumping of lead in the area, this may be due to a heavy-traf¬ 


fic road across the station. Concentration of chromium, cop¬ 
per, lead, cadmium and iron were significantly higher in the 
water from the station 3 than in station 2. Higher mean chro¬ 
mium concentrations (7.00/(g/1) were obtained in station 3. 
However, lower mean zinc concentrations (0.02 //g/1) were 
noted in station 3. The water metal concentration followed 
the order: (S3) > (SI) > (S4) > (S5) > (S2). The general order 
of monitored metal accumulation was: Cr > Cu > Pb > Cd > 
Fe > Zn. Significant positive correlation was found between 
Fe-Pb, Cr-Pb and Cr-Fe (p <0.05; Tab. IV). 
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Glass eels 

Mean metal concentrations in specimens from each sta¬ 
tion are given in table V. Specimens collected in the station 3 
had considerably higher mean metal content (iron, copper, 
chromium, lead and cadmium) than fish from the station 2, 
with the exception of zinc. The station 3 showed the highest 
mean concentrations of iron and zinc and also exhibited the 
highest concentration in water. Higher mean iron concentra¬ 
tions (179.75 mg/kg dry mass) were obtained in station 3, 
and lower mean lead concentrations (0.02 mg/kg dry mass) 
were detected in station 2. The glass eel metal concentration 
followed the order: (S3) > (SI) > (S5) > (S4) > (S2). The 
general order of monitored metal bioaccumulation was: Fe > 
Zn > Cr > Cu > Cd > Pb. This order might be attributed to 
the different uptake, metabolism and detoxication processes 
in the fish. Significant positive correlation was obtained 
between Zn-Fe (p <0.05; Tab. VI). 

DISCUSSION 

Sediment 

High concentrations of zinc, chromium and copper were 
found in the sediment from the station 1 and were compara¬ 
ble only to those obtained in other areas affected by pyrite 
pollution, such as the Huelva estuary (Perez et al., 1991), or 
because of significant industrial dumping as in Gdansk Bay 
in Poland (Glasby and Szefer, 1998). By contrast, in stations 
2 and 3, the levels of these metals were low, similar to those 
found in sediment from other non-polluted areas (Forstner 
and Wittman, 1983). An exception to this was lead, which 
reached considerably lower concentrations (88 ± 11.2 mg/kg 
dry mass) in the station 2 than in station 3 (104.4 ±2 1.7 mg/ 
kg dry mass). This is because the station 3 is near a heavily 
travelled highway and probably as has been documented in 
another study (El Morhit et al., 2008). The increase of the 
salinity in this station contributed to the release of lead from 
sediment to water. 

Among the metals analysed in Foukkos river estuary, the 
levels of cadmium in sediment are the lowest in the five sta¬ 
tions. Data on cadmium in Moroccan aquatic systems are 
less abundant than for other metals. The few recent studies 
that were carried out in estuaries (Tahiri et al., 2005) pointed 
out the role of human activities in cadmium loadings, in 
agreement with other studies in Pennsylvania (USA) (Bopp 
and Biggs, 1981). The amounts of iron are high in all the 
studied stations, consistent with previous studies in Morocco 
(Cheggour et al., 1990; Texier et al., 1994; Cheggour et al., 
2005). Iron is the most abundant metal in Foukkos estuary 
because it is one of the most common elements in the earth’s 
crust and the sediment from the station 5 has a high pyrite 
(FeS 2 ) content (Snoussi, 1984). According to Cabrera et al. 
(1999), pyrite oxidation produces sulphate and the Fe 2+ ion, 


which is oxidised to Fe 3+ by microorganisms such as Thio- 
bacillus ferrooxidans. High concentrations of chromium 
were found in the sediment from the station 4 and were com¬ 
parable only to those obtained in other areas affected by 
industrial wastewater pollution, such as the Om Rbia estuary 
(Jadal et al., 2002), Port Jackson estuary (Hatje et al., 2003) 
and Bouregreg estuary (Tahiri et al., 2005). 

Water 

In the water, the metal contents measured in stations 1,2 
and 3 were considerably higher than those previously report¬ 
ed in marine water (Nicolai et al., 1999; Cotte-Krief et al., 
2000). By contrast, the station 1, is affected by contamina¬ 
tion from the waters of draining of the rice fields (El Blidi et 
al., 2006), showed zinc, lead, iron and cadmium concentra¬ 
tions that agree with those reported in other studies for coast¬ 
al and estuary waters. For example, the mean lead levels of 
0.18 //g/1 in stations in our study are lower to those reported 
by Usero et al. (2003) in salt marshes on the southern Atlan¬ 
tic coast of Spain. Works done by Morales et al. (1999) and 
by Usero et al. (2003) had shown cadmium levels similar to 
those in our study. Copper concentrations (0.7 //g/1 in station 
2 and 2.5 //g/1 in station 3) were of the same order of magni¬ 
tude as those found by Nicolai et al. (1999) in the Rhone 
River estuary in France, Usero et al. (2003) in salt marshes 
on the southern Atlantic coast of Spain. The range of chro¬ 
mium levels was 4.3 //g/1 (in station 4) to 7 //g/1 (in station 
3). These values are higher than those recorded by Morales 
et al. (1999) in the Gulf of Valencia (0.16 //g/1). However, 
chromium, levels higher than ours were found in the Po 
River estuary in the Adriatic Sea (Italy) by Pettine et al. 
(1997). 

Glass eels 

Since eels are long lived, they can accumulate high con¬ 
centrations of pollutants, so that less polluted waters can also 
be potentially harmful. The higher metal concentrations were 
found in glass eels from the Foukkos estuary. The glass eels 
from station 3 was found to have a high relative metal con¬ 
centration (iron, zinc, copper, lead and cadmium) compared 
to that from the other stations. There are runoff inputs at sta¬ 
tion 3. It is difficult to assess the significance of the higher 
concentration of zinc in station 3 compared to station 1 glass 
eels since the concentration of this metal are influenced by 
factors other than their environmental availability. For exam¬ 
ple fish exposed to heavy metals (such as cadmium) synthe¬ 
size metal-binding proteins (metallothioneins) in the liver, 
which not only bind cadmium, but also zinc (Noel-Fambot 
et al., 1978). Thus, increased liver concentrations of zinc and 
copper may be related to elevated metallothioneins synthe¬ 
sis, and not necessarily to elevated environmental concentra¬ 
tions. In addition, zinc and copper concentrations appear to 
be independent of levels of these metals in natural (or exper- 
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imental) environments because of regulation mechanisms 
versus non-essential metals, such as lead and cadmium, con¬ 
centrations of which depends in the organism mainly on their 
environmental levels. The physiological concentrations of 
zinc and iron are under regulatory control and eels have been 
considered unsuitable as bioindicator organisms for these 
metals (Brusle, 1990). Iron was found to have the highest 
concentration of all the monitored metals in glass eels. Iron 
concentrations similar to those of the Odiel reservoirs were 
found in the livers of grey mullets from the Huelva estuary 
(AIQB, 2001), an area polluted by industrial and mining 
effluents. Nowadays, the limit for iron and zinc in the stand¬ 
ard of the EC (2006) are not yet defined. 

Among the Loukkos River estuary, the station 4 showed 
the highest mean concentrations of copper (4.20 mg/g dry 
mass) in glass eels. It is to be noted that this station presented 
the highest levels in water (2.70 mg/g dry mass) and sedi¬ 
ment (23.80 mg/g dry mass). Metayer et al. (1984) found 
copper concentrations of (0.55-104.90 mg/kg dry mass) in 
the elvers and yellow eels of S. Gilla lagoon (Sardinia). 
These are higher than the concentrations of (1.82 mg/kg dry 
mass) in eels from Loukkos estuary, which suggests they are 
probably within the normal physiological range, and hence 
not of toxicological significance to the eels. But in another 
study, Sanchez et al. (1998), reported a copper concentration 
of 34 mg/kg dry mass in eel livers and 185 mg/kg dry mass 
in those of brown trout, an area polluted by industrial mining 
effluents. In our study, the level for copper in EC is not 
defined. 

Chromium levels were relatively high in tissues as com¬ 
pared to the concentration found in the water. However, the 
chromium concentration in the sediment was much higher. 
This could be suggestive of a large quantity of chromium 
uptake via the food chain because of the bottom feeding hab¬ 
its of A. anguilla. Chromium is used in industry for electro¬ 
plating, steelmaking alloys, in chrome plating, rubber manu¬ 
facturing, leather tanning and for fertilisers (Babich et al., 
1982). The toxicity of chromium is dependant on its chemi¬ 
cal speciation and thus associated health effects are influ¬ 
enced by the chemical form of exposures (Holdway, 1988). 
The level for chromium in EC is not defined. 

The European Community proposed threshold values of 
metal concentrations in fish muscle only for nonessential 
metals (e.g., lead and cadmium). The threshold values are 
expressed as mg/kg wet weight and are 0.05 for cadmium 
and 0.2 for lead (EC Directive 02/221/ EEC). For an easier 
comparison, these values have been converted into mg/kg 
dry mass by multiplying them by 5 (a value was obtained 
from several analyses). 

The mean value of lead bioaccumulation in glass eel tis¬ 
sues varied from 0.026 mg/kg in station 2 to 0.031 mg/kg 
dry mass in station 5. In another study from the Adour estu¬ 
ary, higher values of lead were noted in glass eels (Bureau et 


al., 2007). The mean concentrations of lead reported from 
five rivers in the UK eels ranged between 2.4 and 4.1 mg/kg 
dry mass, which are higher than the median values described 
here. Although the latter concentrations are below the 
1.5 mg/kg (dry mass) threshold suggested by Mason and 
Barak (1990), it would be prudent to investigate further the 
transfer and uptake of this toxic metal, particularly since the 
station 3 site has an additional input of lead shot from hunt¬ 
ing (Pain, 1991) as well as receiving lead via riverine and 
atmospheric sources (Martin et al., 1989; Guieu etal., 1993), 
in addition to inputs from rivers such as the Loukkos River. 
The effect of salinity and the mode of application (oral ver¬ 
sus aqueous) on the lead accumulation in different eel tissues 
was investigated by Zimmermann et al. (1999). Waterborne 
as well as dietary lead exposure causes an increase in the 
metal levels of different eel tissues. The mode of lead uptake 
had a significant influence on the distribution of lead in the 
fish tissues. This distribution may be due to the different 
microhabitats (Zimmermann et al., 1999). Lower values of 
lead (0.026-0.031 mg/kg dry mass) were recorded in our 
study when compared with previous studies. In a polder 
(Tjeukemeer), liver concentrations of lead (170 mg/kg dry 
mass) of eels, higher to those of keeping the same site, were 
deemed unfit for human consumption (Badsha and Gold- 
spink, 1988). In the Loire estuary, the concentrations of lead 
(2.5 jdg/g dry mass) were followed along the food chains, 
which lead to the eel (Amiard et al., 1982). It should be noted 
that the mean content lead evaluated with 0.026 mg/kg dry 
mass in A. anguilla did not exceeded the standard of the EC 
fixed at 0.2 mg/kg of the wet weight. 

Cadmium concentrations of more than 0.05 //g/g (wet 
weight) are the maximum acceptable level set by the EC 
directive on cadmium levels in fish muscle. The overall cad¬ 
mium levels in the muscle tissues of all the specimens ana¬ 
lysed were well over the proposed limit values. Although the 
concentrations of cadmium in the muscle tissue of the sta¬ 
tion 4 and station 5 glass eels were not examined in this 
study, levels in muscle have been reported to be higher than 
those of eels from 11 out of 12 rivers examined in England 
(Barak and Mason, 1990). Surprisingly, few studies have 
focused on the impact of pollution on eel. Moreover, these 
later were restricted to the impact of pesticides (Gimeno et 
al., 1995; Ceron et al., 1996; Fernandez-Vega et al., 1999; 
Pierron et al., 2007) whereas eels are also recognized to be 
highly contaminated by heavy metals, especially by cadmi¬ 
um, in several European estuaries compared with other spe¬ 
cies (Barak and Mason, 1990; Usero et al., 2003; Durrieu et 
al., 2005). Factors affecting the bioavailability of cadmium 
are very complex, but an understanding of them is crucial if 
appropriate strategies for the management of contaminated 
wetlands must be developed. The factors which can influ¬ 
ence the bioavailability of cadmium to aquatic species 
include salinity (Lawrence and Hemingway, 2003) and 
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eutrophic states (Pierron et al., 2008). The eels have the abil¬ 
ity to concentrate metals in their tissues when they live in 
areas heavily contaminated. So, in our study, the highest 
concentration of cadmium (0.47 mg/kg dry mass) was 
recorded in the station 4, which focuses industrial agglomer¬ 
ations, confirming previous studies. Near an industrial com¬ 
plex near Bristol Severn (UK), eel livers showed highly 
charged cadmium (25-123 mg/kg dry mass) according 
Romeril and Davis (1976). Pierron et al. (2008) have shown 
cadmium bioaccumulation in gills at low metal water con¬ 
centration (2 /rg/1)- At the gene level, cadmium exposure 
mimics the effect of hypoxia since we observed a decrease 
in expression of genes involved in the respiratory chain and 
in the defence against oxidative stress (Pierron et al., 2007). 

Experimental poisoning showed that the eels were much 
more sensitive to cadmium (lethal concentrations of 445- 
NOEL/(mol/dm 3 according to Noel-Lambot and Bouqueg- 
neau, 1977). However, the toxicity of some metals appeared 
variable depending on the salinity, being higher in fresh 
water and low in salt water (Denuit et al., 1981). In contrast, 
for glass eels, we only found significant difference for cad¬ 
mium in station 5 and cadmium in station 1 concentrations, 
with the highest concentrations measured in glass eels from 
station 5 (0.45 mg/kg dry mass) and the lowest in station 1 
(0.38 mg/kg dry mass). 

Metals correlation between sediment, water and glass 
eels 

Metal concentrations in tissues of glass eel were lower 
than those in surrounding sediments. Overall, metals which 
are absorbed to superficial sediments that are ingested by 
glass eel may be assimilated, with efficiencies dependent on 
the sediment type, the animal species and its physiology, and 
the metal itself. Metals are not subjected to assimilation and 
hence are not bioavailable to benthic organisms (Griscom et 
al., 2002). 

The assessment of trace metals and their correlations in 
Loukkos estuary reflected the degree of pollution, which is 
considered by many regulatory agencies to be one of the 
largest risks to the aquatic environment. The mean levels of 
iron, zinc, copper, chromium, lead and cadmium in the 
Loukkos estuary were lower than the guidelines for drink¬ 
ing-water quality (WHO, 2006), which the mean (Fe, Zn, 
Cu, Cr, Pb and Cd) concentrations in the water consumption 
are higher (300,3000,1000,50,10 and 3 ja g/1, respectively). 

Based on guidelines, direct use of water from the Louk¬ 
kos estuary without treatment may aggravate poor health of 
sensitive groups (Savory and Wills, 1991). For example, the 
criterion for lead in water for domestic use is 0 to 1.70 g/1 
(FEPA, 1991). At levels > 100 g/1, possible neurological 
damage in foetuses and young children may occur (Fatoki et 
al., 2002). For some of the metals studied in the surface sedi¬ 
ments, the metal levels in our study were higher than the 


metal levels in the sediments of Montevideo Harbour, Uru¬ 
guay (Muniz, et al., 2004), Taylor Creek, southern Nigeria 
(Okafor and Opuene, 2006), Bouregreg estuary (Tahiri et al., 
2005) and Om Rbiaa estuary (Jadal et al., 2002). Higher con¬ 
centrations of lead (88-124.1 mg/kg dry mass) and cadmium 
(1.4-2.2 mg/kg dry mass) were found in the sediment from 
Loukkos estuary, compared with those recorded by RNO 
(1995) in France (60 mg/kg and 0.15 mg/kg dry mass, 
respectively). Furthermore, the study sites are located in the 
discharge points of Loukkos estuary reflecting the cumula¬ 
tive effects of dispersed inputs from Loukkos River. In spite 
of the levels of trace metals in the sediments, we can deduce 
that the sediments presented concentrations that were at the 
Severe Effect Level (Persaud et al., 1992) and may cause 
adverse biological effects except for iron, zinc and copper 
respectively. 

For the levels of cadmium, lead and chromium, inter¬ 
metal correlations appear to be different in the environmen¬ 
tal segments. While, inter-metal relationship exists between 
Cu-Pb (r = 0.670) for the sediments (p <0.05; Tab. II); Fe-Pb 
(r = 0.564), Cr-Pb (r = 0.560) and Cr-Fe (r = 0.552) for the 
water (p <0.05; Tab. IV). Glass eels (p <0.05; Tab. VI) show 
a Zn-Fe significant correlations (r = 0.976), which is higher 
to correlation coefficients reported elsewhere (Hung et al., 
2001; Liu et al., 2003; Okafor and Opuene, 2006). This 
implies that uptake for these metals may be a direct mecha¬ 
nism in glass eels. The above observations might suggest 
that the absorption mechanism of trace metals at Loukkos 
estuary sediments are mainly controlled by chemical adsorp¬ 
tion, rather than physical or deposition of metals with sedi¬ 
ments. Metal ions can associate with the ligands via the 
functional groups such as -OH, -NH 2 , -CO 2 H of the organic 
matter in the sediment and generate stable organic-metals 
(Riffaldi efa/.,1983). 

From the foregoing, we can conclude that metal concen¬ 
trations in the glass eel can be useful as bioindicators of the 
degree of pollution in marine ecosystems, which is in line 
with the results of other research works (Metayer et al., 
1984; Amiard-Triquet et al., 1988; Barak and Mason, 1990; 
Brusle, 1990; Mason and Barak, 1990; Bonhommeau et al., 
2008). 


CONCLUSIONS 

Analytical results showed that the heavy metals contents 
of the glass eels are below the maximum limits set by Euro¬ 
pean legislation for fish. However, the limits for cadmium 
remain higher in the glass eels and in sediments. This could 
be an essential cause for the disappearance of the organism 
from aquatic systems. The presence of trace elements at low 
levels in the aquatic ecosystem could influence the sensibili¬ 
ty of the glass eels since theses elements are often toxic even 
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at low concentrations. Nowadays, glass eel is endangered in 
almost countries of the world especially by European coun¬ 
tries. This situation should spur Moroccan authorities to pro¬ 
hibit their capture and researchers to investigate other possi¬ 
ble causes of the decline of this organism in aquatic systems 
such negative effects of climatic changes and biotope condi¬ 
tions and the possible implication of the organic contamina¬ 
tion with chemical substances especially pesticides residues. 
Indeed, an investigation on the latter subject is under study 
by our research group to assess completely the situation in 
Loukkos River estuary. 

Acknowledgments. - This work was performed under collabora¬ 
tion between the Scientific Institute and the National Institute of 
Health (Rabat). The authors thank the anonymous reviewers for 
comments and correction that improved the manuscript. 


REFERENCES 

AIQB. 2001. - (Asociacion de Industrias Qufmicas y Basicas de 
Huelva). Informe medioambiental del ano, Huelva, Spain. 

AMIARD J.C.. AMIARD-TRIQUET C. & METAYER C., 1982. - 
Distribution de quelques metaux (Cd, Pb, Cu, Zn) chez les 
organismes vivants de l’estuaire de la Loire et des zones cohe¬ 
res adjacentes. Bull. Soc. Sci.Nat. OuestFr., 4: 153-168. 

AMIARD-TRIQUET C., AMIARD J.C., ANDERSEN A.C„ ELIE 
P. & METAYER C., 1988. - The eel ( Anguilla anguilla) as a 
bioindicator of metal pollution: Factor limiting its use. Water 
Sci. Technol., 19: 1229-1232. 

AUDRY S„ BLANC G. & SCHAFER J„ 2004. - Cadmium trans¬ 
port in the Lot-Garonne River system (France) - temporal vari¬ 
ability and a model for flux estimation. Sci. Total Environ., 319: 
197-213. 

BABICH H., SCHIFFENBAUER M. & STOTZKY G., 1982. - 
Comparative toxicity of trivalent and hexavalent chromium to 
fungi. Bull. Environ. Contam. Toxicol., 28: 452-459. 

BADSHA K.S. & GOLDSPINK C.R., 1988. - Heavy metal levels 
in three species of fish in Tjeukemeer, a Dutch polder lake. 
Chemosphere, 17: 459-463. 

BARAK N.A.-E. & MASON C.F., 1990. - A survey of heavy metal 
levels in eels ( Anguilla anguilla) from some rivers in East 
Anglia, England: The use of eels as pollution indicators. Int. 
Rev. GesamtenHydrobiol. Hydrogr., 75: 827-833. 

BAUDRIMONT M„ SCHAEFER J„ MARIE V., MAURY-BRA- 
CHET R.. BOSSY C., BOUDOU A. & BLANC G„ 2005. - 
Geochemical survey and metal bioaccumulation of three 
bivalve species ( Crassostrea gigas, Cerastoderma edule and 
Ruditapes philippinarum) in the Nord Medoc salt marches 
(Gironde estuary, France). Sci. Total Environ., 337: 265-280. 

BONHOMMEAU S„ CHASSOT E. & RIVOT E„ 2008. - Fluctua¬ 
tions in European eel ( Anguilla anguilla) recruitment resulting 
from environmental changes in the Sargasso Sea. Fish. Ocea- 
nogr., 17: 32-44. 

BOPP F. & BIGGS R.B., 1981. - Metals in estuarine sediments: 
Factor analysis and its environmental significance. Science, 
214: 441-443. 

BRUSLE J., 1990. - Effects of heavy metals on eels, Anguilla sp. 
Aquat. Living Resour., 3: 131-141. 


BUREAU S., BOLLIET V., LAMBERT P. & BARDONNET A., 
2007. - Energy and migratory behaviour in glass eels (Anguilla 
anguilla). Physiol. Behav., 92: 684-690. 

CABRERA F„ CONDE B. & FLORES V., 1992. - Heavy metals in 
the surface sediments of the tidal river Tinto (SW Spain). Fre- 
senius Environ. Bull., 1: 400-405. 

CABRERA F„ CLEMENTE L.. DIAZ BARRIENTOS E„ LOPEZ 
R. & MURILLO J.M.. 1999. - Heavy metal pollution of soil 
affected by the Guadiamar toxic Hood. Sci. Total Environ., 242: 
117-129. 

CERON J.J., FERRANDO M.D.. SANCHO E„ GUTIERREZ- 
PANIZO C. & ANDREU-MOLINER E„ 1996. - Effects of dia- 
zenon exposure on cholinesterase activity in different tissues of 
European eel (Anguilla anguilla). Ecotoxicol. Environ. Saf., 35: 
222-225. 

CHEGGOUR M„ TEXIER H.. MOGUEDET G. & ELK AIM B„ 
1990. - Metal exchange in the fauna-sediment system. The case 
of Nereis diversicolor and Scrobicularia plana in the Boure- 
greg estuary (Morocco). Hydrobiologia ,207: 209-219. 

CHEGGOUR M„ CHAFIK A., FISHER N.S. & BENBRAHIM S„ 
2005. - Metal concentration in sediment and clams in four 
Moroccan estuaries. Mar. Environ. Res., 59: 119-137. 

COTTE-KRIEF M., GUIEU C„ THOMAS A.J. & MARTIN J„ 
2000. - Sources of Cd, Cu. Ni and Zn in Portuguese coastal 
waters. Mar. Chem., 71: 199-214. 

DENUIT C.. AMIARD J.C. & AMIARD-TRIQUET C., 1981. - 
Mise au point de tests physiologiques et ethologiques de toxici- 
te des polluants metalliques. 47 p. Rapport final ministere Envi- 
ronnement, n° 7932. 

DURRIEU G.. MAURY-BRACHET R., GIRARDIN M., 
ORCHARD E. & BOUDOU A., 2005. - Contamination by 
heavy metals (Cd, Zn, Cu. Hg) of high fish species in the 
Gironde estuary (France). Estuaries, 28: 581-591. 

EC, 2006. - European Commission (EC), Commission Regulation 
N° 1881/2006, December 19 th , setting maximum levels of cer¬ 
tain contaminants in foodstuffs. Official Journal of the Europe¬ 
an Union N° L364/5, December 20 lh . 

EL BLIDI S., FEKHAOUI M., EL ABIDI A., IDRISSI L. & 
BENAZZOU T., 2006. - Contamination des rizieres de la plaine 
du Gharb (Maroc) par des metaux traces. Vecteur Environ., 1: 
46-53. 

ELIE P., 1979. - Contribution a l’etude des montees des civelles 
d ’Anguilla anguilla (L, 1758), dans l’estuaire de la Loire : 
peche, ecologie, ecophysiologie et elevage. These de 3 e cycle, 
381 p. Univ. de Rennes. 

EL MORHIT M„ FEKHAOUI M„ SERGHINI A., EL BLIDI S., 
EL ABIDI A.. BENNAAKAM R„ YAHYAOUI A. & JBILOU 
M., 2008. - Impact de Tamenagement hydraulique sur la qualite 
des eaux et des sediments de Testuaire du Loukkos (cote atlan- 
tique, Maroc). Bull. Inst. Sci., 30: 39-47. 

FATOKI O.S., LUJIZAN O. & OGUNFOWOKAN A.O., 2002. - 
Trace metal pollution in Umata River. Water, SA, 28(2): 183- 
189. 

FEPA, 1991. - National guidelines and standards for environmental 
pollution control. National Communication to the UNFCCC; 
National Report for the Intergovernmental Review of the GPA; 
Nigeria. 

FERNANDEZ-VEGA C., SANCHO E., FERRANDO M.D. & 
ANDREU-MOLINER E., 1999. - Thiobencarb toxicity and 
plasma AChE inhibition in the European eel. J. Environ. Sci. 
Health B„ 34: 61-73. 


226 


Cybium 2009, 33(3) 


El Morhit etal. 


Heavy metals in Anguilla anguilla 


FERNANDES C., FONTAINHAS-FERNANDES A., PEIXOTO 
F. & SALGADO M.A., 2007. - Bioaccumulation of heavy met¬ 
als in Liza saliens from the Esmoriz-Paramos coastal lagoon, 
Portugal. Ecotox. Environ. Safety, 66: 426-431. 

FORSTNER U. & WITTMAN G.T.W., 1983. - Metal Pollution in 
the Aquatic Environment. 2 nd revised edit. 486 p. Berlin: 
Springer Verlag & New York: Heidelberg. 

GIMENO L„ FERRANDO M.D., SANCHEZ S„ GEMINO L.O. 
& ANDREU E., 1995. - Pesticide effects on eel metabolism. 
Ecotoxicol. Environ. Saf., 31: 153-157. 

GLASBY G.P. & SZEFER P„ 1998. - Marine pollution in Gdansk 
Bay, Puck Bay and the Vistula Lagoon, Poland: An overview. 
Sci. Total Environ., 212: 49-57. 

GRISCOM S.B., FISHER N.S. & LUOMA S.N., 2002. - Kinetic 
modeling of Ag, Cd and Co bioaccumulation in the clam Maco- 
ma balthica: Quantifying dietary and dissolved sources. Mar. 
Ecol. Progr. Ser., 240: 127-141. 

GUIEU C., ZHANG J., THOMAS A.J., MARTIN J.M. & BRUN- 
COTTAN J.C., 1993. - Significance of atmospheric fallout on 
the upper layer water chemistry of the north-western Mediter¬ 
ranean. J.Atmosph. Chem., 17: 45-60. 

GUNKEL G., 1994. - Grundlagen der Verfahren zur Bioindication. 
hr. Bioindication in aquatischen Okosystemen (Gunkel G., ed.), 
pp. 323-420. Stuttgart: Fischer Verlag Jena. 

HARDERSON S. & WRITTEN S.D.. 1998. - The effects of carba- 
ryl exposure of the penultimate larval instars of Xathocnemis 
zealandeca on emergence and fluctuating asymmetry. Ecotoxi- 
cology, 7: 297-304. 

HATJE V., PAYNE T.E., HILL D.M.. MCORIST G.. BIRCH G.F. 
& SZYMCZAK R., 2003. - Kinetics of trace element uptake 
and release by particles in estuarine waters: Effects of pH, 
salinity, and particle loading. Environ. Int., 29: 619-629. 

HOLDWAY D.A., 1988. - The toxicity of chromium to fish. In'. 
Chromium in the Natural and Human Environments (Nriagu 
J.O. & Nieboer E„ eds), pp. 369-397. New York, USA: John 
Wiley & Sons Inc. 

HUNG T.C.. MENG P.J., HAN B.C., CHUANG A. & HUANG 
C.C., 2001. - Trace metals in different species of mollusca, 
water and sediments from Taiwan coastal area. Chemosph., 
44(4): 833-841. 

JADAL M„ EL AYOUCHI M. & BENNASSER L„ 2002. - Qualite 
des eaux de Testuaire de Toued Om Rbia (Maroc) et influence 
de la dynamique maregraphique. Eau, Ind., Nuisances , 256: 
59-66. 

LAWRENCE A. & HEMINGWAY K„ 2003. - Effects of Pollution 
on Fish: Molecular Effects and Population Responses. 342 p. 
Oxford, UK: Blackwell Science Ltd. 

LIU W.X., LI X.D., SHEN Z.G., WANG D.C., WAI O.W.H. & LI 
Y.S., 2003. - Multivariate statistical study of heavy metal 
enrichment in sediments of the Pearl River Estuary. Environ. 
Pollut., 121(3): 377-388. 

MAES G., 2005. - Evolutionary consequences of a catadromous 
life-strategy on the genetic structure of European eel (Anguilla 
anguilla L.). PhD Thesis, 223 p. Katholieke Univ. Leuven, Bel¬ 
gium. 

MARTIN J.M.. ELBAZ-POULICHET F., GUIEU C., LOYE- 
PILOT M.D. & HAN G., 1989. - River versus atmospheric 
input of material to the Mediterranean Sea: An overview. Mar. 
Chem., 28: 159-182. 

MASON C.F. & BARAK N.A.E., 1990. - A catchment survey for 
heavy metals using the eel (Anguilla anguilla). Chemosphere, 
21: 695-699. 


METAYER C.. AMIARD J.C.. AMIARD-TRIQUET C. & ELIE P„ 
1984. - Evaluation de la bioaccumulation de quelques elements 
traces chez les civelles et les anguilles de trois estuaires de l’at- 
lantique. Sci. Eau, 3: 249-258. 

MEYERSON A.L„ LUTHER G.W.,KRAJEWSK J. & HIRES R.I., 
1981. - Heavy metal distribution in Newark Bay sediments. 
Mar. Pollut. Bull., 12: 244-250. 

MI AO X .S., WOODWARD L.A., SWENSON C. & LI Q .X ., 2001. 
- Comparative concentrations of metals in marine species from 
French Frigate Shoals, North Pacific Ocean. Mar. Pollut Bull., 
42(11): 1049-1054. 

MORALES M.M., MARTI P., LLOPIS A., CAMPOS L. & 
SAGRADO S., 1999. - An environmental study by factor anal¬ 
ysis of surface seawaters in the Gulf of Valencia (Western Med¬ 
iterranean). Anal. Chim.Acta, 394: 109-117. 

MUNIZ P.. DANULAT E„ YANNICELLI B„ GARCIA-ALONSO 
J., MEDINA G. & BICEGO M.C., 2004. - Assessment of con¬ 
tamination by metals and petroleum hydrocarbons in sediments 
of Montevideo Harbour (Uruguay). Environ. Int., 29: 1019- 
1028. 

NICOLAI M„ ROSIN C., TOUSSET N. & NICOLAI Y„ 1999. - 
Trace metals analysis in estuarine and seawater by ICP-MS 
using on line pre-concentration and matrix elimination with 
chelating resin. Talanta, 50: 433-444. 

NOEL-LAMBOT F. & BOUQUEGNEAU J.M.. 1977. - Compara¬ 
tive study of toxicity, uptake and distribution of cadmium mer¬ 
cury in the sea water adapted eel Anguilla anguilla. Bull. Envi¬ 
ron. Contam. Toxicol., 78: 418-424. 

NOEL-LAMBOT F„ GERDAY C.H. & DESTECHE A., 1978. - 
Distribution of cadmium of Cd, Zn and Cu in liver and gills of 
the eel Anguilla anguilla with special reference to metal- 
lothionines. Comp. Biochem. Physiol., 61: 177-187. 

OKAFOR E.C. & OPUENE K., 2006. - Correlations, partitioning 
and bioaccumulation of trace metals between different seg¬ 
ments of Taylor Creek, southern Nigeria. Int. J. Environ. Sci. 
Technol., 3(4): 381-389. 

PAIN D.J., 1991. - Lead shot densities and settlement rates in 
Camargue marshes, France. Boil. Conserv., 57: 273-286. 

PEREZ M„ USERO J. & GRACIA I.. 1991. - Trace metals in sedi¬ 
ments from the “Ria de Huelva”. Toxicol. Environ. Chem., 
31-32: 275-283. 

PERSAUD D„ JAAGUMAGI R. & HAYTON A., 1992. - Guide¬ 
lines for the protection and management of aquatic sediment 
quality in Ontario. 30 p. Ontario Ministry of the Environment, 
Queen’s Printer for Ontario. 

PETTINE M„ MASTROIANNI D„ CAMUSSO M„ GUZZI L. & 
MARTINOTTIW., 1997. - Distribution of As, Cr and V species 
in the Po-Adriatic mixing area (Italy). Mar. Chem., 58: 335- 
349. 

PIERRON F„ BAUDRIMONT M„ GONZALEZ P., BOURDI- 
NEAUD J.P., ELIE P. & MASSABUAU J.C., 2007. - Common 
pattern of gene expression in response to hypoxia or cadmium 
in the gills of the European glass eel (Anguilla anguilla). Envi¬ 
ron. Sci. Technol., 41(8): 3005-3011. 

PIERRON F„ BAUDRIMONT M„ LUCIA M„ DURRIEU G., 
MASSABUAU J.C. & ELIE P„ 2008. - Cadmium uptake by 
the European eel: Trophic transfer in field and experimental 
investigations. Ecotoxicol. Environ. Saf., 70(1): 10-19. 

PRITCHARD D.W., 1955. - Estuarine circulation patterns. Proc. 
Am. Soc. Liv. Engin., New York, 81: 1-11. 


Cybium 2009, 33(3) 


227 


Heavy metals in Anguilla anguilla 


El Morhit etal. 


RAURET G., RUBIO R., LOPEZ-SANCHEZ J. & CASASSAS 
E., 1988. - Determination and speciation of copper and lead in 
sediments of a Mediterranean river (river Tenes, Catalonia, 
Spain). Water Res., 22: 449-455. 

RIFFALDI R„ LEVI MINZI R„ SAVIOZZI A. & TROPEA M„ 
1983. - Sorption and release of cadmium by some sewage 
sludge. J. Environ. Qual., 12: 253-256. 

RNO, 1995. - Reseau National d’Observation. Programme actuel. 
Les contaminants dans les matieres vivantes, les metaux lourds 
dans les sediments de la baie de la seine (Campagne 1993). Tra- 
vaux du RNO, 36 p. Ifremer et ministere de TAmenagement du 
Territoire et de TEnvironnement, Le Havre, France. 

ROBINET T. & FEUNTEUN E„ 2002. - Sublethal effects of expo¬ 
sure to chemical compounds: A cause for the decline in Atlantic 
eels? Ecotoxicology , 11: 265-277. 

ROMERIL M.G. & DAVIS M.H., 1976. - Trace metal levels in eels 
grown in power station cooling water. Aquaculture , 8: 139- 
149. 

SANCHEZ J., MARINO N„ VAQUERO M.C., ANSORENA J. & 
LEGORBURU I.. 1998. - Metal pollution by old lead-zinc 
mines in Urumea River valley (Basque Country, Spain). Soil, 
biota and sediment. Water Air Soil Pollut., 107: 303-319. 

SAVORY J. & WILLS M.R., 1991. - Aluminum. In: Metals and 
their Compounds in the Environment. Occurrence, Analysis 
and Biological Relevance (Merian E., ed.). pp. 715-741. New 
York: VCH Weinheim & Cambridge: Basel. 

SNOUSSI M., 1984. - Comportement du Pb, Zn. Ni et Cu dans les 
sediments de Testuaire de Loukkos et du proche plateau conti¬ 
nental (cote Atlantique marocaine). Bull. Inst. Geol. Bassin 
Aquitaine, 35: 23-30. 

STURGEON R.E., BERMAN S.S., DESAULNIERS A. & RUS¬ 
SELL D.S., 1980. - Pre-concentration of trace metals from sea¬ 
water for determination by graphite furnace atomic absorption 
spectrometry. Talanta,21(2 ): 85-94. 

TAHIRI L„ BENNASSER L., IDRISSI L„ FEKHAOUI M„ EL 
ABIDI A. & MOURADI A., 2005. - Contamination metallique 
de Mytilus galloprovincialis et des sediments au niveau de Tes- 
tuaire de Bouregreg (Maroc). Water Qual. Res. J., 40(1): 111- 
119. 

TESCH F.W., 2003. - The Eel (5 th Edit.). 408 p. Blackwell Publish¬ 
ing. 


TEXIER H„ COLLEUIL B.. CHEGGOUR M.. MOGUEDET G„ 
MAYIF M.O.A. & LEMINE M., 1994. - Etude comparee de 
trois estuaires de la cote atlantique marocaine. Donnees mine- 
ralogiques et geochimiques des sediments. Indices de contami¬ 
nation. In : Actes de la 4 e Conference international des limno- 
logues d’expression franjaise (CILEF), Marrakech. Publication 
speciale, Rev. Hydrecol. Appliquee, 7 p. 

THOMAS R.P., URE A.M.. DAVIDSON C.M., LITTLEJOHN D„ 
RAURET G., RUBIO R. & LOPEZ-SANCHEZ J.F., 1994. - 
Three-stage sequential. Extraction procedure for the determina¬ 
tion of metals in river sediments. Anal. Chim. Acta., 286: 423- 
429. 

USERO J.. IZQUIERDO C„ MORILLO J. & GRACIA I.. 2003. - 
Heavy metals in fish ( Solea vulgaris, Anguilla anguilla and 
Liza ramada ) from salt marshes on the southern Atlantic coast 
of Spain. Environ. Int., 29: 949-956. 

YAHYAOUI A., AZEROUAL A. & CHETTO N„ 2006. - Etude de 
diagnostic ‘poissons, peche et pisciculture’. Actualisation du 
plan de gestion de la Merja Zerga (Moulay Bousselham, 
Maroc). Projet liffe TCY/INT/031: Maghreb zones humides, 
69 p. 

ZIMMERMANN S., SURES B. & TARASCHEWSKI H„ 1999. - 
Experimental studies on lead accumulation in the eel specific 
endoparasites Anguillicola crassus (Nematoda) and Paraten- 
uisentis ambiguus (Acanthocephala) as compared with their 
host, Anguilla anguilla. Arch. Environ. Contamin. Toxicol., 37: 
190-195. 

ZIMMERMANN S., BAUMANN U., TARASCHESKI H. & 
SURES B., 2004. - Accumulation and distribution of platinum 
and rhodium in the European eel Anguilla anguilla following 
aqueous exposure to metal salts. Environ. Pollut., 127: 195- 
202 . 

WHO, 2006. - Guidelines for Drinking-Water Quality. Vol. 1, Rec¬ 
ommendations. 3 rd edit. World Health Organization, Geneva. 
Pdf available: http://www.who.int/water_sanitation_health/ 
dwq/gdwq3re v/en/. 


Regu le : 28 janvier 2008. 

Accepte pour publication le 25 septembre 2009. 


228 


Cybium 2009, 33(3) 


